Heavy metals incidence in the aquatic environment and its accumulation in fish are under constant review. Gilthead seabream (Sparus aurata) specimens were exposed for two weeks to sediments highly concentrated in metals, collected at the Portman Bay (Murcia, Spain). The metals bioaccumulation was tested in liver, muscle and skin. The potential of the sediment exposure to induce variation of the stress biomarkers genes was conducted in liver and skin. Results revealed that sediments were highly contaminated with metals. However, following 2 weeks exposure to the sediments, Cd accumulates only in liver. Interestingly, the expression of the genes mta, hsp 70 and hsp 90 were significantly down-regulated in skin. Nevertheless, cyp1a1 gene was up-regulated only in liver. Results uphold that the stress response magnitude was organ-dependent and the skin was the most responsive tissue to metal stress conditions. These results suggest that skin should be considered as target organ for biomarkers analysis in fishes.
Introduction
During many decades, heavy metals issued from mines and related industries were released in marine water. Further, different studies confirmed that these pollutants accumulate along diverse marine food chains [67] . Moreover, fish are an important protein source for humans, for this main reason, if fish gets affected by the pollutants and those fish were consumed, a potential risk for human health could appear [33] . Fish are closely exposed to heavy metals existing in their environment and at present, it is known that the accumulation of heavy metals in fish depends essentially on extrinsic (metal concentration) and intrinsic (fish size and species) factors [40, 10, 33] . These heavy metals finish by attaining preferential organs or tissues such as liver, muscle or skin [67, 40, 34] . biomarker for metal exposure, both under laboratory and field conditions [10] . Concerning cyp1a, it is a member of a multigene family of xenobiotic metabolizing enzymes, highly inducible by numerous environmental contaminants and is widely used in biomonitoring studies [50] . Lastly, HSPs, which comprise an evolutionally well conserved protein family, exhibit sophisticated protection mechanisms, and the most conserved HSPs are molecular chaperones that prevent the formation of nonspecific protein aggregates and assist proteins in the acquisition of their native structures [39] . Stress proteins are induced in response to a variety of stress conditions and metabolic insults [70, 47, 34] . Concomitant damage to DNA was observed with significantly higher in gills (26.5 mm) and liver (20.8 mm) cells of exposed fish compared to control fish [34] .
Previous studies agreed that the response of fish to stress conditions depend on the stressor (e.g. temperature, crowding, hypoxia, heavy metals), and also of characteristics of the fish specimens (fish species, age, sex, etc.) [40, 1, 3] . In the context of the present study, the presence of the heavy metals in sediments will create the stress situation. Usually, studies treating the effect of heavy metals on fish used species seized from polluted sites and these fishes are, in consequence, subject to chronic exposition [73, 29, 36, 33, 34] . Other studies handled in laboratory used different concentrations of one or mixture of heavy metals dissolved in water [24, 5, 25] . In Murcia (Spain) the mining exploration during 33 years, aroused the aboriginal Portman bay as one of the most arid bay in the Mediterranean Sea. This is the first study intending to look over the potential biological restoration of the bay.
In the present study, we aimed to evaluate the impact of heavy metals polluted sediments on gilthead seabream (Sparus aurata) as this teleost is more than half of the total marine fish production in Spain. To do this, specimens of gilthead seabream were subject to acute exposition during two weeks. The effect of this short acute exposition was investigated firstly through the bioaccumulation of three toxic heavy metals (Cd, Pb and As) in the liver as main organ implicated in the metabolism of xenobiotics and in two edible organs (muscle and skin). Secondly, we analyzed the behavior of the main genes, inducible under stress conditions, in liver which is known as the main organ of metabolism of toxic pollutants and in the skin that represents the first defense line of fish. Additionally, potential risks for fish health and consumers as well as the possible role of gilthead seabream in the restoration of polluted environments will be discussed.
Materials and methods

Sediments
The sediments selected for this work were taken from Portman Bay (South-Eastern of Spain), one of the most polluted area from the Mediterranean Sea as a consequence of a mining industry some years ago. In fact, during 1958-1991, this bay was the destiny of 67 millions of Tm of residues that shifted the shoreline 800 m to a depth of 24 m [45] . Sterile discharges carrying potential toxic elements (PTE) as As, Pb, Cd and Zn, and released in marine environment for about 33 years, were collected. The samples of marine sediments were not homogeneous and can easily be differentiated in two very different types. First, sediment grain size sand sediment size, dark color (black sediment) that comes from material washed into the sea and dragged to the beach by the action of marine dynamics. The second sediment, yellowish brown (yellow sediment), very fine grain, which would be equivalent to the original sediment spill, which has not had a chance to wash in the sea poured directly on the beach. The physical and chemical characteristics of both pellets are summarized in Tables 1 and 2 [46] . For the present work, going from the coast to the beach, two types of sediments, yellow and black sediments, were collected at 0-15 cm depth, air-dried and sieved through a 2 mm screen (Fig. 1) . Since the pH of pure water is equal to 7 ([H + ] = [OH − ] = 10 −7 M), in this study, the pH of the sediments was determined in a 1:5 (w/v) suspension of sediment in pure water [45] .
Experiment design and fish rearing conditions
Four aquaria of 30 l were disposed: The first aquarium was filled with seawater (control) (pH 7.2), the second contained 8 kg of black sediment, the third one 8 kg of yellow sediment and the fourth aquarium 8 kg of mixed sediment (70% of black sediment and 30% of yellow sediment). The three aquaria containing sediments were filled with the same seawater used in control aquaria. Afterwards, aquaria re-circulating systems remained running for one week without fishes. The water was maintained at 20 ± 2 • C with a flow rate of 75 l h −1 and 28‰ salinity and the photoperiod were of 12 h light: 12 h dark. The pH of the water in aquaria was determined after 7 days and samples of 100 ml of water and 100 g of sediments were used to determine metal concentrations.
Forty eight specimens (11.91 ± 3.3 g body weight and 8.94 ± 1.45 cm body-length) of the hermaphroditic protandrous seawater teleost gilthead seabream (Sparus aurata L.) were obtained from the local farm and they were allowed to acclimatise (in aquaria containing only seawater) for 15 days before the start of the experimental trial. Afterwards, fish were distributed in the four aquaria (12 fish per aquarium). Fish were fed with a commercial pellet diet (Skretting, Spain) at a rate of 2% body weight day −1 . Prior to sampling, fish were starved for 24 h and sacrificed by an overdose of MS222 (Sandoz, 100 mg ml −1 water) [21] . All experimental protocols were approved by the Ethical Committee of the University of Murcia.
Fish sample collection
Fish were sampled after 15 days of exposure. Whole fishes were weighted and dissected under sterile conditions. Fragments of liver, skin and muscle were took and stored at −80 • C for later determination of heavy metals accumulation. Liver and skin fragments were also sampled for RNA extraction and gene expression evaluation.
Metals quantification
In sediments and water
Sediment samples of 5 g (air dried for one week) were first ground to a fine powder using a zirconium ball mill. Aliquots of 0.1 g of sediment samples were placed in Teflon vessels, and 5 ml of concentrated hydrofluoric (HF) acid solution, 200 l of concentrated nitric acid (HNO 3, Sigma) acid solution and 5 ml of distilled water were added. When digestion in a conventional microwave oven was complete (15 min at 1000 W in a Milestone ETHOS PLUS microwave oven), the solutions were transferred to a volumetric flasks and brought to 50 ml. Heavy metal content was determined in each one of the extracts of a 1:5 (w/v) sediment-water mixture once they were filtered, representing the soluble fraction. The Zn and Fe content were determined by flame atomic absorption spectrometry (FAAS). The Pb, Cd and Cu content was determined by electrothermal atomisation atomic absorption spectrometry (ETAAS) (CONTRA 700). The As content was measured by atomic fluorescence spectrometry using an automated continuous flow hydride generation spectrometer (PSA Millenium Merlin 10055 for arsenic). The reliability of the results was verified by analyzing standard reference materials.
The quantification of metals in water samples handled from all aquaria was determined following the same protocol used for the soluble fraction issued from the mixture sediments-water cited above.
In fish
Liver, skin and muscle samples, previously stored at −80 • C, were lyophilized and 100-200 mg of the resulting powder were placed in Teflon vessels with 3 ml of water, 2 ml of concentrated 
Real-time PCR
Total RNA was extracted from 0.5 g of seabream skin and liver tissues using TRIzol Reagent [16] . It was then quantified and the purity assessed by spectrophotometry; the 260:280 ratios were 1.8-2.0. The RNA was then treated with DNase I (Promega) to remove genomic DNA contamination. Complementary DNA (cDNA) 
Table 4a
Concentration of metals in sediments of the four experiment trial. Four aquaria of 30 l were disposed: The first was filled with seawater (control), the second contained 8 kg of black sediment, the third one 8 kg of yellow sediment and the fourth aquarium 8 kg of mixed sediment (70% of black sediment and 30% of yellow sediment). The three aquaria containing sediments were filled with the same seawater used in control aquaria. Metals in sediments from each aquarium were analyzed. Table 4b Concentration of metals in water of the four experiment trial. Four aquaria of 30 l were disposed: The first was filled with seawater (control), the second contained 8 kg of black sediment, the third one 8 kg of yellow sediment and the fourth aquarium 8 kg of mixed sediment (70% of black sediment and 30% of yellow sediment). The three aquaria containing sediments were filled with the same seawater used in control aquaria. Metals in water from each aquarium were analyzed after 15 days. was synthesized from 1 g of total RNA using the SuperScript III reverse transcriptase (Invitrogen) with an oligo-dT18 primer. A real-time PCR was performed for the expression of the selected genes (mta, cyp 1A1, hsp 70 and hsp 90). The real-time PCR was implemented by an ABI PRISM 7500 instrument (Applied Biosystems) using SYBR Green PCR Core Reagents (Applied Biosystems). Reaction mixtures (containing 10 l of 2 x SYBR Green supermix, 5 l of primers (0.6 M each) and 5 l of cDNA template) were incubated for 10 min at 95 • C, followed by 40 cycles of 15 s at 95 • C, 1 min at 60 • C, and finally 15 s at 95 • C, 1 min at 60 • C and 15 s at 95 • C. For each mRNA, gene expression was corrected by the elongation factor 1␣ (ef1a) RNA content in each sample. The reaction efficiency of ef1a was 113%, analyzed by serial five-fold dilutions, calculating the slope of the regression line of the cycle thresholds (Ct) versus the relative concentration of cDNA. Gene names follow the accepted nomenclature for zebrafish (http://zfin.org/). The primers used in the present study are shown in Table 3 . In all cases, each PCR was performed with triplicate samples.
Statistical analysis
All the bioassays were done in triplicate, and the mean ± standard error (SE) for each group was calculated. Data were statistically analysed by one-way analysis of variance (ANOVA) to determine differences between groups. Normality of the data was previously assessed using a Shapiro-Wilk test and homogeneity of variance was also verified using the Levene test. Non-normally distributed data were log-transformed prior to analysis and a non-parametric Kruskal-Wallis test, followed by a multiple comparison test, was used when data did not meet parametric assumptions. Statistical analyses were conducted using SPSS 19 and differences were considered statistically significant when P ≤ 0.05.
Results
pH in sediments and water
The yellow sediments (placed in the coast) have a pH of 1.2 while the black sediment (placed more far from the beach) have a pH of 7.6. The final pH of the water in aquaria containing black, yellow and mixed sediments was 7.6 (±0.1), 2.8 (±0.2) and 6.9 (±0.1), respectively. In the experiment handled with yellow sediment all seabream specimens died after less than 24 h of exposure, in consequence only three different experimental groups could be considered in the trial.
Metals quantification in sediments and water
The chemical analysis of sediments showed that they are concentrated in different metals. Black, yellow and mixed sediments contained almost the same quantity of Cd, Cu, Fe, and Zn. However, we noted that yellow sediment were 3.5 fold concentrated in Pb (508 mg kg −1 ) than black sediment (143 mg kg −1 ). In contrast yellow sediment was 3 fold concentrated in As (300 mg kg −1 ) compared to the black sediment (100 mg kg −1 ) (Table 4a) .
The quantity and nature of heavy metal present in the water of each one of the aquaria used in the present work depended on the type of sediment used. Samples taken from aquaria contained only water (control) or black sediment did not contain any metal traces (Table 4b ). However, samples of water from aquaria contained yellow sediment had 0.4 g l−1 of Cd, 1.5 g l −1 of As and 148 mg l −1 of Table 5 Non Zn. Furthermore, in the water sampled from the aquaria contained mixed sediments a concentration of 0.4 g l −1 of As was detected.
Metals bioaccumulation in liver, muscle and skin
The concentrations of Cd, Pb and As detected in liver, muscle and skin of gilthead seabream reared for 15 days in aquaria contained different type of polluted sediments is resumed in Table 5 . The concentrations of Cd, Pb and As in muscle and skin of fish specimens reared in water (control) and aquaria contained black sediment were always below the quantification limit (cl; <0.1 g kg dry-weight −1 ). Furthermore, Cd was detected in the liver of all seabream specimens reared in aquaria containing mixed sediments (0.5 mg kg dry weight −1 ) ( Table 5 ).
Stress biomarkers gene expression
It is well documented that the liver is the main organ implicated in the metabolism of xenobiotic agents. As well, the skin is the external semipermeable tissue allowing fish to exchange with their environment and it represents their first barrier of defense. Taking in account the crucial roles of liver and skin, we analyzed in these organs the expression of mta, hsp70, hsp90 and cyp1a1 genes known to be inducible in stress conditions.
Evaluation of the mta gene expression
The expression of the mta gene in liver and skin of seabream reared in the different aquaria is presented in Fig. 2 . After 15 days of exposure, the expression of the mta gene of liver from seabream specimens reared in aquaria containing black or mixed sediments exhibit a slight not significant down-regulation compared to specimens reared in control (only water) aquarium. Similarly, the fold increase relative to control. Asterisks denote significant differences between unexposed (control) and polluted sediments exposed groups (P ≤ 0.05).
expression of the mta gene in the skin of specimens reared in aquaria containing black or mixed sediments was also downregulated although only in a significant extent in specimens reared in aquaria with mixed sediments (Fig. 2) .
Evaluation of Heat-Shock proteins gene expression
The expression of the genes hsp70 and hsp90 in liver of seabream specimens reared in aquaria containing black or mixed sediment did not show any significant difference compared to the expression found in liver from control group (aquaria containing only water) (Figs. 3 and 4) . However, the expression of hsp genes in skin of specimens reared in aquaria containing black sediments were slightly down regulated but did not reach significant levels compared to specimens reared in control aquarium (Figs. 3 and 4) . Similarly, the expression of such genes in the skin of specimens reared in aquarium containing mixed sediments was down-regulated, compared to the values obtained in control fish, although the differences were only statistically significant for the hsp90 gene (Figs. 3 and 4) . fold increase relative to control. Asterisks denote significant differences between unexposed and polluted sediments exposed groups (P ≤ 0.05).
Evaluation of cytochrome P450 gene expression
The expression of cyp1a1 gene in liver of all gilthead seabream specimens reared in aquaria containing black or mixed sediments was increased being the increments statistically significant (twenty eight up-regulation fold) in those fish maintained in aquaria with mixed sediments, compared to the values obtained in liver from control fish (aquaria with only water) (Fig. 5) . Expression of cyp1a1 gene in skin from specimens reared in aquaria containing black or mixed sediments showed no statistically significant variations with respect to control (Fig. 5 ).
Discussion
Due to the release of effluents issued from mining activity during more than three decades, the natural sediments of Portman Bay were highly polluted by essential and non-essential metals. In consequence, these sediments were disastrous for both phytoplankton and zooplankton species. Furthermore, sediments are an important habitat component in aquatic ecosystems, as they provide a substrate or support medium for aquatic organisms. In addition, sediments are biogeochemically active, in that they may transport organic or inorganic substances attached to their surfaces, and because they provide a large surface for abundance of microbes [12] . In Portman bay, several assays for deployment of polluted sediments and restoration of the bay started since 1990 [53] . But the biological aspect was usually neglected. Generally, in fish, under natural exposure conditions, prediction of toxic effects based on environmental or tissues concentrations remains difficult although many studies have examined the relationship between metal exposure, accumulation and toxicity under laboratory conditions [3] . In the present study we intended to reproduce environmental conditions similar to that found in Portman bay and to analyze the effect of acute exposure of gilthead seabream to different highly polluted sediments sampled from different emplacement of such bay. To do this, gilthead seabream were directly exposed to three different polluted sediments sampled from Portman bay: yellow, black and mixed (70% of black and 30% of yellow) sediments. As it was expected, all gilthead seabream specimens reared in aquaria with yellow sediment died in less than 24 h, which can be explained by the very acid pH of the water (pH 2.8) in this aquarium. However, seabream specimens reared in aquaria with black or mixed sediments did reveal neither mortality nor visible negative effects.
Analysis of sediments (yellow, black and mixed) sampled from aquaria after 15 days of trial revealed that they were highly concentrated in all analyzed metals (Cd, Cu, Pb, Fe, Zn, As). In fact, the concentration of Cd ranged between 8.1 mg kg −1 and 8.8 mg kg −1 and the concentration of Pb ranged between 143 mg kg −1 and 508 mg kg −1 . However, for the As the concentration oscillated between 100 mg kg −1 and 300 mg kg −1 . In a recent study, concentrations of As and Cd equal to 37.5 g l −1 and 0.57 g l −1 respectively, were sufficient to be considered sub-lethal for catfish (Clarias batrachus L.) and rainbow trout [63, 30] . Chemical analysis of water sampled from control aquarium (containing only seawater) and water sampled from aquaria containing black sediments, showed that the concentration of analyzed metals remain lower than the quantification limit. Nevertheless, the analysis of water sampled from aquaria containing yellow and mixed sediments demonstrated the presence of low concentrations of As in these aquaria (1.5 g l −1 and 0.4 g l −1 , respectively). The concentrations of As are usually within the range of 1-2 g l −1 of non-contaminated seawater Cornelis [17] . Many studies showed that As disturb metabolism of cells, causes immunosuppression and increase susceptibility to infection [71, 60] , induce oxidative stress [11] , apoptosis of fish hepatocytes [20] and liver inflammation [52] .
Essential metals (Zn, Cu, Fe) and non-essential metals (Cd, As, Pb) have been demonstrated to accumulate along the trophic chain in marine environments [67, 64] . Non-essential metals are not known to play any metabolic function although, as a consequence to their bioaccumulation in fish, these metals can be toxic for humans, even at very low concentrations [9] . In the present study, the concentration of Cd, Pb and As in muscle and skin were always below the quantification limit (cl; <0.1 g kg dry-weight −1 ) after 15 days of exposure in all experiments. However, Cd was detected in the liver of all seabream specimens reared in the aquarium containing mixed sediments (0.5 mg kg dry weight −1 ). In fact, it has been suggested that Cd is absorbed through passive diffusion or carrier mediated transport over the gills or absorbed by endocytosis through intestine [54] . Cadmium ions enter the chloride cells in the gills through calcium channels [51] . Once enter in the cells the metal is made available for the interaction with cytoplasmatic components such as enzymes (causing toxic effects) and metallothioneine (probably being detoxified) [54] .
The accumulation pattern of contaminants in fish, and in other aquatic organisms, depends on their nutrition uptake, their position along the trophic chain, as well as uptake and elimination rates [26, 62] . For gilthead seabream, the accumulation of heavy metals in liver, in real-world polluted aquatic environment, could probably increase. In fact, gilthead seabream is well known as carnivorous fish and it is placed in higher level than zooplankton and phytoplankton in the trophic chain [57] . It is known that liver represent an important storage of metals in animals [41, 58, 38, 59] . After exposure to heavy metals, the hepatic cells started progressively to loose typical cellular organization including necrosis, peripheral displacement of nuclei, indistinguishable cell membrane [55, 65, 19] . Javed et al. [33] reported that the protein levels increased in the liver of fish exposed to heavy metals. Literally, they suggested that this increases could also be due to the effort of liver to repair their damaged tissues as a result low levels were reported in serum despite synthesis. Thus, the study of the liver is more often recommended as the environmental indicator tissue of pollution than other fish organs [59] .
In fish, the skin is considered as a natural, physical, biochemical, dynamic, and semipermeable barrier that enables the exchange of nutrients, water, hormones [22, 8] . Admitting this substantially function of skin, in our study, metals concentrations were always below the quantification limit (cl; <0.1 g kg dry-weight −1 ) after 15 days of exposure. These results agree with the founding of Handy [27] who described reduced Cd bioaccumulation in skin compared to liver, kidney and gills. However, the analysis of metals accumulation in muscle, after 15 days of exposure, revealed that they are below the quantification limit, which is in accordance to previous data indicating that Cd concentration in seabream muscle, after 30 days of exposure, was very low or undetectable [25] . These levels of heavy metals in skin (and also in muscle) suggest that the principal metals could entry to fish across other organs such as gut or gills. Nevertheless, the accumulation of metals in the fish depends on fish species and studied organ. Javed et al. [33] demonstrated that, in Channa punctatus specimens exposed to heavy metals, the Zn had the highest accumulation levels in the liver. Other investigators have also reported the highest accumulation of Zn in the gills of fish such as Labeo umbratus [14] , C. punctatus [68] , Gambusia Holbrooki [23] , Cyprinus carpio [32] , and Clarias gariepinus [35] . Taking in account, for example, the maximum permitted levels of Cd into fish (0.5 g Cd g dry-weight −1 ; European Commission Regulation N • 1881/2006), our funding could reassure human consumer and aquaculture farms for intake of gilthead seabream reared in heavy metals polluted environments, for at least 15 days.
Considering the great number of factors interfering in the metals bioaccumulation and metabolism, as well as the inter-specific and intra-specific sensitivity variation of fish face to these xenobiotic, recently, toxicologists are more oriented to reveal heavy metals accumulation using the variation of the expression of some gene considered as biomarkers. In fact, biomarkers represent early indications of biological effects rather than the chemical biomonitoring of polluted sites. The relevance of some genes as biomarkers in fish was related to their ability to signal sub-lethal concentrations of metals ions as well as their biological significance [15] . A battery of biomarkers consisting of specific stress indices should be utilized. In this context, we used an association of genes, known in literature to be implicated in the metabolism of xenobiotics, to reveal potential influences of heavy metals pollution on seabream. In fact, mta, hsp 70, hsp 90 and cyp1a1 are the most common genes induced in stress conditions and used as biomarkers. In the present study, after 15 days of exposure, the expression of the mta gene in gilthead seabream was down-regulated in both liver and skin. This down-regulation reached a significant level in the skin of specimens reared with mixed sediments. These results corroborate with the finding of Bargelloni et al. [7] who concluded that mta gene is expressed differentially in different tissue. Moreover, it has been argued that the toxicity of heavy metals such as Cd will only occur when the binding capacity of metallothionein is exceeded and the excess heavy metal is free to bind some other proteins in the cell [54] . On the other side, it has been argued that the kinetics of metal uptake and metallothionein synthesis are both to be taken into account, whereby the pathological effects would appear when the rate of metal uptake exceeds the rate of metallothionein synthesis [48] . Javed et al. [33] reported that the high accumulation of Zn in gills might be due to Zn metallothionein induction, since their production increases due to the elevated levels of heavy metals (Zn, Cu) which bind to the metals in order to detoxify them; in doing so, they concentrate and regulate metals in the organs. Other studies suggested that the down-regulation of some biomarkers genes is due to some factors acting on mRNA stability and translation. In fact, the translation of ferritin mRNA is down-regulated by an RNAbinding protein which interacts with a hairpin motif in the 5 -UTR (UnTranslated Region) [28] .
In the present study, we noticed a slight down-regulation of hsp70 gene in the skin of specimens reared in black and mixed sediments but still not reached significant extent. However, a significant variation of hsp90 gene in skin of seabream reared in mixed sediments. These variations of hsp70 and hsp90 genes detected in the skin of seabream could be explicated by the role of skin as first barrier protecting fish. In fact, when cells are subjected to environmental changes, HSPs are induced and play a central role in cellular homeostasis [47] . To our knowledge, this is the first study demonstrating the down-regulation of hsp70 gene in skin under metals stress and within short acute exposure. Nevertheless, Xin and his collaborator [72] described a significant down-regulation in the mRNA expression level of hsp70 in gill and liver of Plecoglossus altivelis exposed to slain variation stress condition after long-time exposure and suggested that the change of hsp70 may participate in osmoregulation, metabolism, and nutrient storage.
The analysis of the expression of cyp1a1 gene in this study showed an up-regulation in the liver of specimens reared in black and mixed sediments. This up-regulation reached significant level in specimens reared with mixed sediments. The family of CYP1a are haem-containing enzymes, which catalyze various Phase I metabolism reactions, such as C-, N-and S-oxidation and dealkylation. The transcriptional activation of the cyp1a1 gene is mediated by the binding of environmental pollutants and inhalation chemicals [66] . Anwar et al. [4] demonstrated that cyp1a1 activity, regarding to As, does not always parallel its effect on the expression on cyp1a1 mRNA. In the same study the author suggested that the activity of cyp1a1 was accompanied either by a decrease or no change in mRNA levels. In contrast, Pb 2+ alone was able to increase cyp1a1 mRNA levels without affecting its protein levels, and Cd 2+ did not affect cyp1a1 mRNA stability [4] . Thus, we cannot confirm, in this study, if this induction (up-regulation) of cyp1a1 gene is activated by one specific heavy metal or it is the consequence of exposure to all heavy metals existing in the sediments. In Platichthys flesus, Cd has been shown to inhibit cyp1a activity but this was thought to be post-translational [4] .
Conclusions
The Portman Bay sediments are highly concentrated in heavy metals. Exposure of gilthead seabream to black, yellow and mixed sediments demonstrate that accumulation of heavy metals in fish depend on both metal and organ studied. Only Cd accumulates in liver while no metals accumulation was revealed in both studied edible organs (skin and muscle). The expression of mta, hsp70 and hsp90 genes was modified in skin but not in liver. In contrast, cyp1a1 gene was induced in liver cells and not in skin. The induction of mta, hsp70 and hsp 90 genes in skin after 15 days of exposure of gilthead seabream allow this organ to be probably the suitable organ for the encouraged study of biomarkers genes expression. Interestingly, skin could be sampled without killing the fish specimen; this fact could be very useful for fish farms to control the wellbeing of fish.
Sediments are an important habitat component in aquatic ecosystems, as they provide a substrate or support medium for aquatic organisms. This study could be considered very interesting for a potential biological restoration plan in Portman Bay to reactivate the biological activity and establish the normal situation in sediments using gilthead seabream in order to restore the biota in the place. Further experiments could be made using other elements of the trophic chain such as phytoplankton, zooplankton, in order to elucidate potential bioaccumulation of heavy metals and whether this could contribute to significant effects on the food chains by bioaccumulation.
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